While a large literature has focused on the impact of parental investments on child cognitive development, very little is known about the role of child's own investments. Information on how children invest their time separately from parents is probably little informative for babies and toddlers, but it becomes more and more important in later stages of life, such as adolescence, when children start to take decisions independently. By using the Child Development Supplement of the PSID (Panel Study of Income Dynamics), we model the production of cognitive ability of adolescents and extend the set of inputs to include the child's own time investments. Looking at investments during adolescence, we find that child's investments matter more than mother's investments. On the contrary, looking at investments during childhood, it is the mother's investments that are more important. Our results are obtained accounting for potential unobserved child's and family's endowments and are robust across several specifications and samples, e.g. considering and not considering father's investments and non-intact families.
Introduction
The objective of this research is to explore and compare the impacts of time investments by parents and children on child's cognitive outcomes during adolescence. The e¤ect of parents' investment at di¤erent stages of child's life has been very much studied in the economics literature on skill formation, while the role of child's own investment as she matures has received very little attention insofar. Carneiro, Cunha and Heckman (2003) and Cunha and Heckman (2008) are among the few papers developing a model of cognitive and non-cognitive investments for older children where the latter are considered as decision makers. Empirical studies generally …nd that the inputs in the cognitive production function have a di¤erent e¤ect at di¤erent stages of the children's life. Family contribution in child development decreases with age, and this seems to suggest that there is less space for policy interventions in late childhood and adolescence.
However, there can be other factors through which cognitive attainments can be improved in late childhood and adolescence when individuals become able to take independent decisions. Among these factors, a prominent one is expected to be the time investment actively made by the adolescents themselves. "What lies at the core of adolescent cognitive development is the attainment of a more fully conscious, self-directed and self-regulating mind." (Steinberg 2005 ). During adolescence children become responsible for their actions, therefore their cognitive investments begin to depend on their own decisions, for example decisions on how much e¤ort to invest in doing homework rather than watching television.
This paper provides the …rst assessment of the role played by self investments of adolescents in shaping their cognitive development, adapting the production function during adolescence to consider inputs by the children themselves. We model the cognitive production function by way of an augmented valued added speci…cation, where cognitive ability depends on a set of contemporaneous and lagged inputs and on lagged cognitive ability (see Wolpin 2003, 2007) . The crucial inputs we control for are the time the mother's spend with her child and the time the child spends on her own doing formative activities that improve cognitive development, which we call time inputs or time investments. Using the Child Development Supplement (CDS) of the Panel Study of Income Dynamics (PSID), we measure cognitive ability using a revised version of a set of intelligence tests developed by Woodcock and Johnson in 1977 (see Section 3 for more details). More speci…cally, we use two tests measuring reading abilities and a third test measuring mathematical skills. The contemporaneous test and inputs are measured when children are between 11 and 15 years old, while the lagged test and inputs are measured 5 years earlier when the children are between 6 and 10 years old.
We take the three cognitive tests as repeated measures of the latent child's general cognitive ability. In this way, we are able to account for the endogeneity of the lagged test, which is caused by its dependence on the unobserved child speci…c ability endowment (See Section 4). We are also able to remove the bias which arises from unobserved family characteristics by exploiting the presence of siblings in the sample. Our estimation results show that the time children spend on their own doing formative activities during adolescence a¤ects their test scores much more than the time input by their mother. On the contrary, the time input by their mother during childhood matters more than the time input by the children. Our results are coherent with a production function of cognitive ability which changes in a signi…cant way over the life cycle of the children and indicate a channel through which cognitive development can be in ‡uenced at later ages.
Background
Several surveys have shown that parental time investments on children have important impacts on child cognitive and non cognitive outcomes (see Carneiro Boca et al (2010) distinguish between the time the child spends with mother and the time she spends with father, and between the time when the parents are actively engaged and when they are simply around.
As in these previous papers, we use time diaries surveys to measure parental time inputs, but the novelty of our paper is that we consider also the time children spend on their own. 1 How children spend time on their own becomes important as children grow into teenagers (Kooreman 2007) . This is because adolescents begin to take independent decisions on how to spend their time and these decisions can a¤ect their cognitive development. However, children are rarely considered "active actors" in household behavioural models. There are only few examples of economic models which consider both children and parents as decision makers. Among these there are the models suggested by , Lundberg et al (2009) and Dauphin et al (2011) . consider an overlapping generation model for the child's skill production. More precisely, they consider a three-period model where parents decide human capital investments on children in period one and starting from period two onward, when the child becomes adult, she alone decides her own education and work. However, this model does not allow parents and children to be decision makers in the same period, and non-adult children are supposed to have no in ‡uence on their cognitive investments. On the contrary, Dauphin et al (2011) and Lundberg et al (2009) allow for parents and children to be decision makers at the same time. By estimating a collective model, Dauphin et al (2001) provide evidence that children, who are aged 16 and over and living with parents, are active economic agents and in ‡uence the household decision process, at least when looking at decisions on household consumption and labour supply. Lundberg et al (2009) , estimate a non-cooperative model to study the decision-making by children distinguishing between decisions taken on their own and shared with their parents. They …nd that the probability of taking independent decisions increases sharply between age 10 and 14.
Given that during adolescence children begin to take decisions on their own on how to use their time, cognitive production models for adolescents should include the time children spend on their own doing formative activities. The question is then how to de…ne formative activities and consequently time investment by children.
In the economic literature there are a few papers that have de…ned time investment by parents (see, beside the papers cited at the beginning of this section, Price, 2008 and Guryan et al 2008) . The common approach is to consider the time parents spend with their children in formative activities such as reading, doing homework, playing sports, and exclude activities which are usually considered detrimental or not bene…cial to the child's development, as for example watching television. A natural extension of this de…nition to time investments by the children themselves would consider the time the child spends on her own doing formal and informal educational activities as well as socializing and sports activities which can contribute to the child development. This is actually the de…nition which we will adopt in our empirical application (see for more details Section 3).
Di¤erent de…nitions of children's time investments have been used in other papers, but without distinguishing the time the child spends on her own and the time she spends actively supervised by an adult. Two examples are given by Fiorini and Keane (2011) and Agee et al (2011). Fiorini and Keane (2011) rely on time use diaries from the Longitudinal Study of Australian Children to estimate the e¤ect of time children spend doing a set of di¤erent activities (bed, school-day care, educational activities with parents, educational activities with adults other than parents, general care with parents, general care with adults other than parents, social activities, media, not sure what child was doing), but they do not consider separately the time children spend on their own. Agee et al (2011) use the National Longitudinal Survey of Youth-Child Sample to estimate a household's production model for multiple child's outcomes and include among the set of home inputs the time children spend reading, doing homework, watching television and staying with family. Here, the choice of de…nition of time investment is motivated by the survey originating the dataset, which does not contain time diaries but just recall questions about daily time use in some speci…c activities. This makes it also impossible for the authors to distinguish between the time the child spends on her own and the time she spends actively supervised by an adult. Several papers have focused on the time children spend reading or doing homework as opposed to time spent watching television, and they generally …nd positive and signi…cant e¤ects of the former activities and a negative or insigni…cant e¤ect of the latter on children's cognitive skills.
From the psychological literature, we learn that reading habits have a positive e¤ect on children's achievement, measured by vocabulary, reading comprehension and verbal ‡uency (Anderson et al 1988; Taylor et al 1990; Stanovich, 1991 and 1993) . For instance, Searls et al (1985) evaluate the e¤ects on reading abilities of di¤erent activities conducted at home by adolescents: watching television, reading and doing homework. They …nd that children who watch television extensively are among the poorest readers, even if they also report spending a great deal of time doing spare time reading or homework, homework activities increase reading abilities of adolescents, while spare time reading hours are associated with the highest reading performance for all the age categories. A similar result is found in Anderson et al (1988) . They study the relationship between out-of-school activities (as listening to music, playing sport and reading a book) on subsequent reading achievements; they …nd that among all the ways children spend their time, reading books was the best predictors of several measures of reading achievement.
Studying children time investment and its impact on their cognitive outcomes may have important implications for public policy. Empirical evidence shows that the e¤ect of parental investments on cognitive skills reduces rapidly across age (see Cunha and Heckman 2006) . In particular, looking at mothers' and fathers' time investments, Del Boca et al (2010) …nd that the time parents spend actively engaged with their child has an e¤ect that decreases with child's age. This would suggest that policies directed at increasing parental time investments during adolescence would be less e¤ective than policies implemented early in the child's life. On the contrary, since the time investment by the children themselves is presumably more important during adolescence, a policy directed at improving the time use of adolescents could be a way to improve adolescents' cognitive developement. 2 
Data and preliminary evidence
Our analysis relies on the Child Development Supplement (CDS), funded by the National Institute of Child Health and National Development (NICHD). The CDS covers a maximum of two children for a subsample of households interviewed in the Panel Study of Income Dynamics. 3 About 3500 children aged 0-12 (from about 2400 households) were …rst interviewed in 1997, and then followed in two subsequent waves, 2002/03 and 2007. The number of successful re-interviews was quite high: 91% in the second wave, 90% in the third one. The CDS collects information on cognitive and non-cognitive development of the sampled children, as well as their time diaries and other individual and family char-acteristics. All the household and parental variables included in the PSID survey are also available for the CDS children. In our analysis we include teenagers aged between 11 a nd 15 and living with both biological parents. To avoid small sample size issues, we pool two cohorts of children, born respectively in 1982-1986 (adolescents in 2002) and in 1987-1992 (adolescents in 2007) and get a sample of 726 children. This is the main sample used in the descriptive statistics in this section. For the estimation of our production models we will use the subsample of siblings, sibling sample, which allows us to consider the family …xed e¤ect estimation. We have 202 pairs of siblings (404 children out of the 726 included in the main sample). The main summary statistics for the main and sibling samples are reported in the Appendix in Tables A1 and A2 respectively.
Time investments
Crucial to our research question is the availability of detailed information on child's time use allocation for one randomly selected week-day and one randomly selected weekendday. Time diaries contain for each day recording of activities performed in the 24 hours on a continuous basis. 4 Each spell of a given activity comes with information on its duration, location and on whether the activity was done by the child on her own, in presence of somebody not actively participating or in presence of somebody actively engaged.
This allows us to de…ne a measure of weekly parental time input as well as a measure of weekly child's own time investment. 5 We measure the former as the time the parent spends actively engaged with the child reading, doing homework, doing arts and crafts, doing sport, playing, attending performances and museums, engaging in religious activity, having meals and talking with the child, or providing personal care for the child. This aggregate measure of parental investment corresponds to the parent's quality time de…ned by Price (2008) . 6 It is meant to include all the activities in which either the child is the primary focus or there is a su¢ cient interaction between the parent and the child. The positive relationship between the frequency of activities such reading, playing or eating with children and their outcomes is well documented in the literature (see Price, 2008 , Section II for a concise review). The positive productivity of both mother's and father's active time has also been very recently documented by Del Boca et al (2010) who have estimated a structural model of household choice on a sample of children in the age group 3-16 from the PSID CDS dataset.
In order to take the novel perspective of the child's own investments in her development process, we select from the above listed activities those that improve the child human capital when performed autonomously by the child (i.e. either on his own or without any one actively engaged). The resulting aggregate measure of child's own investment includes -beside the time spent doing homework -all active leisure components such as reading, doing arts and crafts, doing sport, playing, attending performances and museums, engaging in religious activity. Both intuition and scienti…c evidence highlight that human capital includes components other than formal knowledge, as personal interaction skills that can be enhanced by time spent with friends or engaging in physical activities. Cardoso et al. (2010) consider socializing together with reading and studying as activities related to the acquisition of human capital, and opposed to passive leisure such as television watching, often portrayed as detrimental and crowding out other useful activities. Felfe et al. (2011) report that a positive link between participation in active leisure sport activities and educational attainment is well established for adolescence, and show that sport club participation during kindergarden and primary school has a positive e¤ect on school performance.
In the upper part of Table 1 we display the composition of the child's own time inputs in childhood age (6-10) and adolescence (11) (12) (13) (14) (15) respectively. The total active time spent by children on their own increases of about one hour a week (25%), on average, across the two stages of their life. The reading and homework activities bring the largest contribution to this rise (respectively about 16 and 48 minutes per week on average), followed by the playing category (with an average increase of about 13 minutes per week). On the contrary, sport and arts activities appear less frequently performed on average during adolescence compared to childhood. The bottom panel of the same table shows a sharp decrease of the mother's time investments from the childhood to the adolescence period. Mothers spend on average about 9 hours and a half per week actively engaged with their children aged 6 to 10 years, but only 5 hours and a half minutes when their children become adolescents. All categories of mother's time input but religious activity diminish across the two child's life stages. In the Appendix Table A3 we report the father's composition of time inputs. The total time fathers spend with children decline with child's age. Fathers spend on average of 6 hours a week with their children aged 6 to 10 years, and only 4 when the children 11 to 15. However time spent in helping with homework, talking and attending performances increase slightly. 
Cognitive outcomes
The cognitive tests come from the Woodcock-Johnson Revised Tests of Achievement (WJ-R), "a well-established and respected measure that provides researchers with information on several dimensions of intellectual ability" (CDS User Guide). The CDS provides three of such cognitive test scores measuring reading and mathematics achievements: the Letter-Word Identi…cation, Passage-Comprehension, and Applied-Problems test scores. These tests were administered to respondents aged 6 years and older by the interviewer, following a standardized administrative protocol and adjusting the test by di¢ culty according to the respondent age (see CDS User Guide for details). Each of these three tests provides a score which is a measure of the cognitive ability. The Letter-Word Identi…ca-tion Score (LWS) measures symbolic learning (matching pictures with words) and reading identi…cation skills (identifying letters and words). It starts from the easiest items (identi…cation of letters and pronunciation of simple words), progressing to the more di¢ cult items. The Passage Comprehension Score (PCS) assesses comprehension and vocabulary skills through multiple-choice and …ll-in-the-blank formats. The Applied Problems Score (APS) measures mathematical skills in analyzing and solving practical problems. The test scores are available in both raw and standardized formats. The former essentially counts the number of items correctly answered, while the latter are obtained standardizing the raw scores according to the respondent's age. 7 We use the standardized measures throughout our analysis.
Time investments and cognitive ability: preliminary evidence
In Tables 2 and 3 we provide descriptive evidence on the link between time investments and children cognitive outcomes. In Table 2 we look at the di¤erences between average test scores for adolescents dividing them in two groups: those receiving a high level of inputs from their mother (higher than the average) and those receiving a low level of inputs (lower than the average). It can be noticed that children receiving low time investments from their mother in adolescence have essentially the same outcomes in adolescence as children receiving high time investments, while the time spent with the mother actively engaged in childhood is associated with signi…cant di¤erences for two out of the three cognitives measures considered during the adolescence period. Turning to child's own investments in Table 3 , the pattern is reversed, and contemporaneous inputs display a much stronger relationship with adolescents' outcomes with respect to past inputs. The highly signi…cant di¤erences in the test scores between children with high time investments in human capital building activities and those with low time investments strongly support our investigation about the relevance of autonomous decisions taken by children in this stage of life. We model the cognitive achievement production function during adolescence considering inputs which re ‡ect decisions by schools and families as well as by the adolescents themselves. We also take account the fact that the cognitive development is a cumulative process by considering both contemporaneous and past investments.
Accordingly we adopt the following cognitive production function for adolescents aged between 11 and 15 years old
where the outcome Y ijt is a test score measuring the cognitive achievement for adolescent i in family j at t years old, t=11,...,15, and the arguments are given by the vector of contemporaneous cognitive investments during adolescence by the child herself, X C ijt , her family, X This production function is similar to the one considered by previous work on child cognitive development with the main di¤erence that it adds the investments made by the children themselves beside the inputs by families and schools (see Wolpin 2003 and ).
In our sample we do not observe a general measure of cognitive ability Y ijt , but we observe three di¤erent speci…c skills measured by the Letter-Word Identi…cation, PassageComprehension, and Applied-Problems test scores. We indicate these three measured skills with Y kijt where the subscript k denotes each of the three cognitive abilities and we assume that
where kijt measures the deviation of the skill k, Y kijt , from the general latent ability, Y ijt , which is assumed to be identically and independently distributed across skills, individuals and households, with variance 2 and unrelated with the production function inputs and innate ability.
By assuming that the production function is additive separable, linear in its arguments and invariant during the adolescent period from 11 to 15, it can be rewritten as
or more explicitly as
where 0 is the intercept, 1 = [ (4) is what Todd and Wolpin (2003) call the cumulative model, that is a model where the outcome at age t, during adolescence, depends on inputs at di¤erent points of the child's life, more speci…cally in early childhood, late childhood and adolescence.
In our empirical application we are unable to measure inputs in early childhood and therefore we have to drop these inputs from the model. This is a minor issue for cognitive investments during early childhood by the child herself, X C ijt 10 , because very young children spend very little time without any adult actively engaged in what they are doing. On the contrary, the omission of inputs from school and parents in early childhood can be relevant; but, since our …nal estimation uses a sibling di¤erence approach, we are e¤ectively controlling for all early childhood inputs which are invariant between siblings.
We measure family investments by looking at the time the mother spends actively engaged with her child, whereas we measure children investments in their own cognitive development by the time they spend in formative activities on their own (see Section 3 for details on these de…nitions). These time inputs are measured in two points in the child's life, when she is adolescent between 11 and 15 years old and 5 years earlier when she still in her childhood and aged between 6 and 10. Finally we also control for gender, children birth order, birth cohort 1982-86 (1987-1991) , and for the mother's and the child's age. We do not explicitly consider school inputs, but, as in Rosenzweig and Wolpin's (1994), we assume that there are no signi…cant di¤erences in the school inputs between two siblings who grow up in the same family and live in the same neighborhood, so that we can adopt a family …xed e¤ect estimation to take account of the omission of school inputs.
Given two siblings i and i0 and di¤erentiating the cumulative model produces
where DA ijt denotes the di¤erence of the variable A between sibling i and i0. 8 Note that, since we are assuming that siblings have equal school inputs in early childhood, late childhood and adolescence and that inputs during early childhood by schools, families and children themselves do not vary between siblings, di¤erences in school inputs and in early child inputs cancels out from the model. Furthermore, if the child endowment ij is composed by a family and a child speci…c component, ij = F j + C ij , then D F ij also cancels out. Consequently, using family …xed e¤ect estimation, we implicitly allow the cognitive achievement to depend on school inputs and the inputs to depend on family endowments, but we are unable to take account of the possible dependence of inputs on child speci…c endowments or on past cognitive achievements. Parents'and children's own time investments may depend on the child's past cognitive tests. For example, a low test score obtained in the past can encourage parents to invest more time with their children in order to improve their performance. To control for this dependence between lagged cognitive ability and inputs, we add the lagged cognitive ability as explanatory variable in the cumulative model, which yields the augmented valued added model (as de…ned by Todd and Wolpin 2007)
Notice that we do not observe the lagged cognitive ability Y ijt 5 , but we observe three measures of speci…c skills as for the contemporaneous ability. Let then denote these three speci…c skills measured 5 years earlier with Y kijt 5 where the subscript k indicates each of these skills and, as for the contemporaneous ability, let us assume that
where kijt 5 measures the deviation of the skill k in (t 5) from the general latent ability in (t 5). As for kijt , we assume that kijt 5 is identically and independently distributed across skills, individuals and households, with variance 2 , and unrelated with inputs and innate ability, but we allow kijt and kijt 5 to be correlated. More precisely we assume that the persistence in kijt is identical to the persistence in Y ijt , meaning that the both kijt and Y ijt have an identical net autocorrelation (where net means after controlling for the explanatory variables in the production model), which is equal to . 9 By replacing the unobserved latent ability Y ijt 5 with the observed Y kijt 5 , the valued added model becomes
where u kijt = kijt kijt 5 . The correlation between Y kijt 5 and the error term u kijt would generally bias the estimation, but under the assumption that kijt and Y ijt have equal net autocorrelation , we can prove that the asymptotic bias caused by this issue cancels out. More precisely the estimation of using ordinary least squares converges asymptotically to
; where M X is the projection matrix on the space orthogonal to the one generated by the variables
is the asymptotic bias caused by the omission of the unobserved individual endowment ij , while
is the asymptotic bias caused by the correlation between the error term u kijt and the lagged test Y kijt 5 . This last bias cancels because we have assumed that
As done before for the cumulative model, we reduce the bias caused by the omission of ij by expressing the model (8) as di¤erences between siblings (family …xed e¤ect estimation) and therefore controlling for unobserved school inputs and family endowments and characteristics that are invariant between siblings,
Using di¤erences between siblings eliminates the unobserved family speci…c endowment We solve this last issue of endogeneity by using observations on three di¤erent skills available for each child and applying an individual …xed e¤ect estimation to control for child speci…c endowment that may di¤er across siblings. Under the assumptions stated above, it can be proven that the individual …xed e¤ect estimation converges to
Note that the inputs do not vary across the three tests implying that individual …xed e¤ect estimation can produce estimates for but not for 
and use family …xed e¤ect estimation to produce estimates for the coe¢ cients
and F 2 . Thanks to this two-step estimation we obtain results that are purged of the bias induced by the lagged test regressor and are consistent under the assumption that the whole dependence between inputs and child's innate ability is channelled through observed achievements or family endowments or characteristics that are invariant between siblings. We are actually not the …rst to assume that di¤erent cognitive test scores are related to a same latent cognitive ability and to use the multiplicity of measures to solve the issue of endogeneity of the lagged test. For example Cunha and Heckman (2008) use multiple measures of tests and inputs, which are available in their dataset, to derive three latent measures corresponding to cognitive and non-cognitive abilities and investment. Furthermore, they use multiple measures of tests and inputs to instrument the lagged tests and inputs in their cognitive development model (see Pudney 1982 for more details on this other type of estimation). Our procedure impose some di¤erent restrictions, but it is simpler and has the advantage to distinguish between parents and children inputs and therefore allows us to evaluate the contribution of children decisions on their cognitive development process.
Estimation results of the cognitive production model
In Table 4 we report our main estimation results for the cognitive production during adolescence. We consider the cumulative model (4) and the augmented valued added model (8) and three estimation methods: the OLS, family …xed e¤ect and two-step estimation methods. The outcome variable, which is the cognitive ability of the child during adolescence, is measured by considering the three stadardized test scores already described in Section 3, which are the Letter-Word Identi…cation Score (LWS), the Passage Comprehension Score (PCS) and the Applied Problems Score (APS). We estimate these production models using the sibling sample (see Table A1 in the Appendix for some summary statistics of the variables used) and treating the three tests as repeated measures of the child's ability, so that our number of observations increase from 404 (the number of siblings) to 1212 (the number of siblings multiplied by the number of tests available for each child). 10 Both the value added and the augmented value added models include the same explanatory variables except for the lagged test, which is included only in the augmented model.
Our main coe¢ cients of interest are the e¤ects of time investments by the child and his/her mother during adolescence (child's and mother's time) and during childhood (child and mother lagged time), and we focus our discussion mainly on these four coe¢ cients and on the coe¢ cient of the lagged test, which is of interest in its own right. The lagged test coe¢ cient is a measure of the correlation between the contemporaneous and lagged test net of the explanatory variables and allows us to assess whether a bad test result today may imply a trap into low cognitive achievements for the child's future.
There are di¤erences across di¤erent speci…cations and estimations, but two …ndings emerge clear from all models and estimations: (i) looking at time investments by the mother it seems that the mother's investment during childhood matters, while mother's investment during adolescence does not a¤ect the cognitive ability during adolescence (see rows 2 and 4 in Table 4 ); (ii) looking at the e¤ect of time investments by the child there is an opposite result, the child's investment during childhood matters less than the child's investment during adolescence (see rows 3 and 5 in Table 4 ). Notice that the mother's time investment on her child decreases from about 10 hours per week to 5 hours per week when children move from childhood to adolescence (see bottom panel in Table 1 ). This implies that children get more independence in deciding how to invest their time, hence the importance of their own time investments during adolescence in explaining their cognitive test results.
Looking at the estimation results for the augmented value added model (see columns 3, 4 and 5), another clear …nding is that the lagged test is always very signi…cant, suggesting a very high persistence in the test score results. Nevertheless, this persistence decreases from 0.528 to 0.352 when we control for the family …xed e¤ects (see columns 3 and 4 in Table 4 ) and to 0.279 when we also control for the individual …xed e¤ect (see column 5), suggesting that part of the persistence is explained by unobserved ability endowments.
Next, we discuss di¤erences across our models and estimation methods and suggest which of our estimation results should be preferred. We are concerned with the potential omission of family characteristics and endowments, and for this reason we consider and compare the OLS and the family …xed e¤ect estimations. Results seems to change when moving from the OLS to the family …xed e¤ect estimation (compare columns 1 and 2, and columns 3 and 4 in Table 4 ) and this suggests that the speci…cations in columns 1 and 3 su¤er from a variable omission problem. 11 Since we are concerned also with the possibility that mother's and child's time investments may depend on the past level of the child's cognitive ability, we consider the augmented value added model, which allows the investments to depend on the child's lagged test. Results seem to change when moving from the cumulative model to the augmented value added model estimated using OLS (compare columns 1 and 3 in Table 4 ), in particular the e¤ects of the time investments generally attenuate. On the contrary, there are small changes when moving from the cumulative to the augmented value added model estimated using the family …xed e¤ect estimation (see columns 2 and 4 in Table 4 ). This is possibly because part of the dependence of the investments on the lagged cognitive ability is channelled through unobserved cognitive endowments, which are partly captured by the family …xed e¤ects. To summarize our preference among the estimations considered so far (columns 1 to 4 in Table 4 ), we prefer the augmented valued added with family …xed e¤ects (see column 4 in Table 4 ) because we think it provides more reliable results than the cumulative model and the augmented value added without family …xed e¤ects.
The next question is whether considering the lagged test and family …xed e¤ects is enough to control for all unobserved characteristics that are associated with the explanatory variables and relevant in explaining the cognitive tests. It is certain that family …xed e¤ect estimation fails to control for unobserved individual abilities that di¤er between siblings. Since both cognitive tests measured during adolescence and during childhood are likely to depend on these individual abilities, we have an issue of endogeneity of the lagged cognitive test. But, as explained in Section 4, we can use a two-step estimation to take account of it. The results of this two-step estimation are reported in the last column of Table 4 , where standard errors have been boostrapped using 1,000 replications. These are our preferred results because the two-step estimation takes account of all our main econometric concerns, which are the potential dependence of time investments on past cognitive abilities, the problem of omission of unobserved family characteristics, and the endogeneity issue of the lagged test. The main di¤erence in the results between columns (4) and (5) in Table 4 is an attenuation of the coe¢ cient of the lagged test, and this con…rms that the family …xed e¤ect estimation presented in column (4) is inadequate to control for unobserved individual characteristics that di¤er between siblings. Nevertheless, we …nd that the coe¢ cients of the time investments as well as the e¤ects of all remaining variables remain almost unaltered in size and statistical signi…cance. 0.000 0.000 0.000 0.000 Standard Errors are in brackets and for the two-step estimation they are bootsrapped. *p<0.10,**p<0.05,***p<0.01
Considering our preferred estimates (see column 5 in Table 4 ), an increase of 10 hours per week in the mother's time input during childhood seems to have an e¤ect similar to an increase of 10 hours per week in the child's own time input during adolescence, both changes lead to a rise of about 10-13% of a standard deviation of the cognitive test. The e¤ect of decreasing children's time investments during adolescence of 10 hours per week is identical to the e¤ect of having a mother working full-time and using child care during one year on children's cognitive tests measured in the preschool period, as found by Bernal (2008) using National Longitudinal Survey of Youth 79 (NLSY79) in USA. A similar e¤ect is found also in Bernal and Keane (2011) when evaluating the e¤ect of an increase of one year in full time child care using again the NLSY79, but considering exogenous changes in the work/child care decisions caused by the introduction of new welfare policy rules for single mothers in USA.
In conclusion, the main results of our empirical analysis may be summarized in following three main points. First, the quality time children spend on their own during adolescence explains their test scores much more than the quality time the mother's spends with them during adolescence. Second, time inputs during childhood by the mother are relevant to explain adolescents'test scores, while children's own time investment during childhood are not as important as the quality time they spend with their mother. Third, there is a large persistence of the test score and this implies that, if a child obtains a bad result on a test during childhood, there is a strong probability that she will get again a bad result during adolescence. This is obviously in part explained by innate individual abilities. In fact, once we control for the unobserved abilities using individual …xed e¤ect estimation, we …nd a reduced e¤ect of the lagged test on the contemporaneous test.
Sensitivity analysis
In this section we report our sensitivity analysis, which allows us to check the robustness of our empirical results to (i) the inclusion of father's time investments, (ii) the extension of the sample to non-intact families, (iii) the change of the child's age range and (iv) the adoption of speci…cations which allow for a non-linear e¤ect of the time inputs on the child's cognitive skill. For each of the four sensitivity analysis we report our coe¢ cients of interests, i.e. the e¤ects of contemporaneous and lagged time inputs, and we examine how these "core" coe¢ cients estimates behave. We carry out this analysis only for our preferred estimation, i.e. the two-step estimation of the augmented value added model. We begin by considering the inclusion of fathers'time inputs to our original production function. In the …rst column of Table 5 we report, for comparison, the estimates obtained by considering the mother's time inputs (which were already reported in the last column of Table 4 ), while in the second column we show the estimates obtained by replacing the mother's time inputs with the father's ones. Finally, in the last column of Table 5 we report the results computed by using both mother's and father's time inputs. The e¤ect of child's time inputs remain the same across speci…cations which include mother's time, father's time and both parents'time. The coe¢ cients of the lagged test and the lagged mother's time are also almost una¤ected. As discussed in the Section 2, only a few studies have analyzed both parents inputs since most datasets include only limited information about fathers. The empirical …ndings are mixed, some studies show a small impact while others show a positive impact. The di¤erences depend on the speci…cations used, on the test scores considered as well as the age of the child. Chen (2012) …nds no signi…cant impact on reading test scores but only on math test scores. Del Boca et al (2010) show that fathers'time impact on reading test score is low when the child is young and increases when the child grow up.
Secondly, we consider family composition. In our analysis, we have focused on families where children live with their biological parents. We now extend the analysis to all families where at least the mother is present and we include divorced, widowed and lone mothers. In many countries, the proportion of children growing up with both biological parents has declined dramatically over time. In our extended sample we …nd that 16.5% of children live in households where the biological father is absent. Sociological studies show that living in some types of non-intact families is more di¢ cult for children than living in others, and that growing up with a divorced or never-married mother seems to be associated with lower educational achievements, while growing up with a widowed parent is not associated with poorer outcomes for children (McLanahan, 1997) . Our results, reported in Table 6 , show that our coe¢ cients of interest do not change across di¤erent family types. More precisely, the estimates obtained by considering only families with both biological parents (…rst column in Table 6 ) are very similar to the ones obtained from the extended sample which includes divorced, widowed and lone mothers (second column in Table 6 ). Third, we analyse di¤erent age groups, aged 10-14 and 12-16 respectively. As we discussed above the importance of the impact of child's time tends to grow with the age of the child, while the importance of the impact of the family tends to decline with the age of the child. Our results, reported in Table A4 in the Appendix, con…rm this assumption and show that the coe¢ cients of contemporaneous child's time is not statistically signi…cant for younger children (10) (11) (12) (13) (14) , but becomes statistically signi…cant for older children (12) (13) (14) (15) (16) . Moreover, the coe¢ cient of lagged mother's time is smaller, although not statistically di¤erent, for older children.
Finally, in Table A5 in the Appendix, we introduce some non-linearities in the e¤ect of mother and child's time inputs. We estimate three di¤erent speci…cations: (1) a model with switching time inputs' coe¢ cients with switching threshold given by the corresponding time input median, (2) a model with an additional dummy variable for each time input, which takes value one when the time input is zero and zero otherwise, (3) a model where all time inputs are expressed in logarithms (see respectively …rst, second and third columns in Table A5 ). The …rst speci…cation allows the e¤ect of each time input to be di¤erent for values that are below and over the median. Results in the …rst column of Table A5 suggest that each of the time inputs has a coe¢ cient that does not vary signi…cantly below and over the median, so that our linear speci…cation is not rejected. The second model allows for a discontinuity at zero so that when a time input is zero its e¤ect is not imposed to be zero. Results in the second column in Table A5 show that the dummy variables indicating zero time inputs have coe¢ cients which are not signi…cantly di¤erent from zero, suggesting again that our linear speci…cation is not rejected. Lastly, the third model allows for a further form of non-linearity of the partial e¤ects by resorting to the log transformation of the various time input variables. In this speci…cation the estimated inputs'coe¢ cients are interpretable as semi-elasticities, and this explains their observed change (see last column in Table A5 ). However, it can be noticed that their magnitude is again coherent with our benchmark model estimation results.
Conclusions
While a large literature has focused on the impact of parental time on child outcomes, very little is still known on the impact of children's own time investments in their development process. This paper represents to our knowledge the …rst assessment of the e¤ect of time investment by the children themselves on their cognitive skills in the adolescence period.
We model the cognitive production function using an augmented value added speci…-cation and we account for di¤erent sources of endogeneity that typically undermine the identi…cation of the inputs'coe¢ cients. First, we are able to control for the endogeneity of parents'and children's time investments arising from unobserved household-speci…c inputs by way of family …xed e¤ect estimation. Second, by considering the lagged cognitive test among the inputs of the production model we allows the choice of time inputs to depend on the past child cognitive achievements. Finally, the endogeneity of the lagged test, which is caused by its dependence on the unobserved individual-speci…c skill endowment, is dealt with by applying a child-speci…c individual e¤ect estimation, which makes use of the multiplicity of cognitive tests available in our data.
We show that during childhood the time input by the mother matters more than the time inputs by the children. On the contrary, the time investments by children during adolescence a¤ect their test scores much more than the time input by their mother. By spotting a channel of public policy intervention in the adolescent period, our results have important policy implications. Indeed, they suggest that a way to improve cognitive abilities of adolescents is by in ‡uencing their time allocation decisions and their investments in formative activities.However, there are other important factors which can a¤ect adolescents'time investments, such as schooling quality and peer e¤ects, whose examination we leave for future research. 
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